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Abstract 
An experimental research on magnetic concentrate of a hematite using the anionic reverse flotation technology in the flotation 
column was conducted. Through systematic studies in the lab, the optimal technological and operational conditions had been 
obtained as follows: the circulation pressure of 0.055 MPa, the feeding quantity of 160 g/min, the collector dosage of 800 g/t and 
the starch dosage of 900 g/t. The results show that the iron concentrate with grade of 67.37% can be achieved according to the 
flow sheet of one roughing and one scavenging under the optimal conditions, and also reflects the advantages of excellent 
selectivity and high recovery. The application of cyclonic static micro-bubble flotation column in hematite reverse flotation 
provides a new approach for hematite reverse flotation in China. 
=
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1. Introduction 
Iron and steel industry has developed quickly with the rapid development of China economy. As the most 
important basic material for the iron and steel industry, the domestic demand of iron ore is increasingly greater. 
Recent years, the import of iron ore has dramatically increased annually, from 69.97 million tons in 2000 to 0.11 
billion tons in 2002, and further jumped to 0.208 billon tons in 2004. The quantity of imported iron ore has 
accounted for 50% of the metal quantity of iron ore filled into furnace in China. It is predicted that the demand 
quantity of finished product iron ore will reach 0.8 billion or so tons in 2010, which is a huge vacancy [1]. Hence, it 
is significant to make good use of current resources for effective suppression of rise in iron ore price and the 
enhancement of China economy in a sustainable, healthy and harmonious way. However, after five decades 
exploitation and utilization, on the one hand, the easy-to-separate iron ore resources are progressively less and it is 
evident that the backup magnetite mines are insufficient; on the other hand, the cost of mining gradually raises year 
by year as the most relative easy-to-separate hematite mines has entered into the deep production phase. On the 
contrary, there are a lot of unexploited hematite mines of poor selectivity in China, which are characterized by “poor 
grade, fine particles and variety” and hard to be processed. Therefore, it is of significant realistic and far-reaching 
historic meanings to improve hematite separation technology and accordingly to better take advantage of this 
resource fraction.  
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According to industrial practice, flotation technology is an effective approach to deal with poor, fine and impure 
hematite [2]. In China flotation machine is in the dominant position in the flotation of hematite. However, in 
general, the separation flowsheet of traditional flotation machine is more complicated; the disadvantages such as 
longer procedure, higher energy consumption and higher cost are becoming more and more serious. As the desire 
extent to mineral resources increases, it is imperative to optimize traditional flotation technology and to develop new 
cost-effective one. Due to the advantages---good selectivity, small occupation area, saving up to 20% of financing, 
higher index level and etc---of flotation column used in hematite flotation, flotation columns are widely adopted in 
the construction, rebuilding and expansion of reverse flotation section in many foreign concentrators [3-4]. 
Unfortunately, the utilization of flotation column in the iron ore industry, especially the area of hematite flotation, is 
at the blank stage [5-7]. The objective of this paper is to explore the feasibility of hematite separation with domestic 
flotation column, and thus, to provide a novel approach for the preparation of hematite in China. 
Pierre Boutin who is Canadian invented flotation column. The equipment adopted the principle of convective 
separation for sufficient recovery of hydrophobic particle. Also the relative static environment of separation is 
obviously favorable to improvement of separation indices. Therefore the equipment can be widely applied in many 
concentrators and coal preparation plants all over the world on account of its unique working pattern and operational 
effect. However, since early flotation columns used unreasonable inner bubble generator, which brought on a series 
of problems, such scaling, blocking (especially when alkaline pulp was used), shedding, breakup, uneven aeration, 
etc, leading to abnormal operation, research and application of flotation column hit bottom. After stepping into 
1980s, the research and application of abroad gradually created an upsurge and a batch of innovative flotation 
columns were developed based on the realization of steady operation of bubble generator and entire equipment, 
making flotation column well-accepted by mineral processing field and no longer a kind of new adventuresome 
technology. Cyclonic-static micro-bubble separation technology and equipment were self developed by China 
University of Mining and Technology under this circumstance. And after years of endeavor, the new type of column 
separation approach with Chinese characteristics, named Cyclonic-static micro-bubble separation technology, was 
formed. Simultaneously, great progress was achieved in the industrialization aspect [8]. 
2. Experimental 
OKNK pÉé~ê~íáçå=éêáåÅáéäÉ=çÑ=ÅóÅäçåÉJëí~íáÅ=ãáÅêçJÄìÄÄäÉ=Åçäìãå=
The Fig. 1 shows the structure and separation principle of cyclone-static microbubble column. 
 
 
 
Fig. 1. Flotation mechanism of FCSMC 
 
The separation process includes three parts which are column flotation, cyclone separation and pipe flow 
mineralization. The whole device is in the form of a column. Column flotation, achieved in the upper part, realizes 
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the separation of fine materials in the static condition of low turbulence through flotation principle of countercurrent 
colliding mineralization. Cyclone separation lies in the under part of the column flotation section, constituting the 
principal part of column separation. It includes gravity separation in terms of density and cyclone flotation in the 
cyclonic force field, which not only offers an effectual mode of mineralization, but also largely reduces the lower 
limit of flotation size, and improves the velocity of flotation. The pipe flow mineralization employs the principle of 
jet flow, forming the gas-solid-liquid three-phase system of circulating middling in the pipe flow and then fulfilling 
the high turbulent mineralization, by absorbing air and crushing it into air bubble. The mineralization of pipe flow 
connects with cyclonic separation along the tangent, creating circular separation of middling. 
OKOK=qÜÉ=~Åíáçå=ãÉÅÜ~åáëã=çÑ=~åáçåáÅ=êÉ~ÖÉåí=
The anionic reverse flotation is the most effective technology in processing of poor, fine, and hard-to-select 
hematite, in that the reagent of anionic reverse flotation has the highly effective action mechanism [1]. There are 
four types of reagent performing different effect during the anionic reverse flotation. The effects of NaOH are to 
adjust the pH value of pulp, to change surface potential of mineral and to exert impact on the status of other 
reagents. The main role of starch is to depress upward floating of iron mineral. The effect of CaO is to activate 
quartz in the anionic reverse flotation. Generally, the activation process is achieved since Cao is dissolved in the 
water to form Ca (OH)2, whose ionization results in Ca(OH)+. The H+ content of pulp is relatively high when the pH 
value is lower than 11. CaO presents in the water mainly in the form of Ca2+, in such case, the activation of quartz is 
weak. The Ca(OH)+ content of pulp jumps steeply when the pH value is over 11, exerting strong activation on 
quartz. The effect of collector is mainly to collect quartz that is activated by Ca(OH)+. As there are many reagents 
with high pertinence in the anionic reverse flotation and quartz in pulp has less effective gravity, having anionic 
reverse flotation technology produce higher efficiency of mineral processing. 
OKPK=bñéÉêáãÉåí~ä=ëóëíÉã=
The Fig. 2 illustrates device connection of the laboratorial flotation column system. Cyclone-static micro-bubble 
column of ĭ75×2000 mm is adopted as core separation equipment, and the agitating vessel of ĭ300×450 mm is 
used to mix pulp. The hot water pump of 0.75 KW is used as middling circulation pump. The two peristaltic pumps 
act as feeding and discharging pump, respectively. The sample of ore, fed into agitating vessel to make it adaptive 
concentration, is transported to upper part of flotation column through feeding peristaltic pump after the sufficient 
mixing of pulp with addition of reagents. The air is inhaled by self—absorbing micro-bubble generator. With the 
triple effects of column flotation, cyclone separation and pipe flow mineralization, flotation bubble finally overflows 
from the top of column as tailing product while iron concentrate is discharged from the bottom of column. The 
liquid height of pulp in the flotation column is controlled by material discharging peristaltic pump. 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Experimental system of flotation column 
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3. Experimental research on flotation column separation 
PKNK bñéÉêáãÉåí~ä=ë~ãéäÉ=
The experimental sample, collected from feed of a ĭ24 m thickener in a certain hematite concentrator, was a 
mixture of weak and strong intensity magnetic materials (mixing magnetic Concentrate). As seen from Table 1 and 
2, the iron grade of the sample is 47.02%; SiO2 is the main impurity and it contains low contents of harmful 
impurities of P and S. The occurrence of iron minerals is comparatively complex. The iron accounts for 95.76% in 
the iron minerals, including 33.11% in magnetic minerals, 5.89% in half martite and 56.76% in hematite. That is the 
maximum theoretical iron recovery of sample. The Tables 3 and 4 show that, the single liberation degree of sample 
is 91.8%, which is appropriate. The -0.074 mm size fraction accounts for 94.63% in the sample, which indicates that 
the size distribution of the sample is comparatively thin, and +0.074 mm size fraction is 5.37%, and the iron grade is 
13.81%, demonstrating that the iron grade of coarse size fraction is low. The Tables 1 and 2 show multi-elementary 
and phase analysis result of samples, respectively. The Table 3 and 4 show liberation degree and size distribution 
analysis result of samples, respectively. 
Table 1. Multi-elementary analysis result of samples (%) 
Composition TFe FeO Fe2O3 SiO2 Al2O3 TiO2 K2O MgO S MnO P 
Content 47.02 7.82 58.53 30.09 1.17 0.055 0.11 0.89 0.038 0.70 0.0078 
Table 2. Iron phase analysis result of samples (%) 
Iron phase Iron in magnetic Iron in half martite 
Iron in 
hematite 
Iron in 
carbonate 
Iron in 
sulfide 
Iron in 
silicate Total 
Content 15.57 2.77 26.69 0.52 0.04 1.43 47.02 
Distribution Rate 33.11 5.89 56.76 1.11 0.09 3.04 100.00 
Table 3. Liberation Degree of samples (%) 
Name Liberation 
Intergrowth 
>3/4 3/4-1/2 1/2-1/4 <1/4 
Sample 91.8 1.6 2.4 1.7 2.5 
Table 4. Size distribution of samples 
Size distribution (mm) 
Yield (%) Grade (%) Recovery (%) 
Individual Accumulation Individual Accumulation Individual Accumulation 
+0.075 5.37 5.37 13.81 13.81 1.57 1.57 
-0.075+0.045 17.17 22.54 18.76 17.58 6.81 8.38 
-0.045+0.038 2.23 24.77 35.98 19.23 1.69 10.08 
-0.038+0.030 10.26 35.03 43.62 26.37 9.46 19.54 
-0.030+0.025 11.90 46.93 57.47 34.26 14.47 34.00 
-0.025+0.019 12.09 59.02 62.18 39.98 15.91 49.91 
-0.019 40.98 100.00 57.80 47.28 50.09 100.00 
Total 100.00  47.28  100.00  
PKOK qÉÅÜåçäçÖáÅ~ä=~åÇ=çéÉê~íáçå~ä=ÅçåÇáíáçåë=
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Due to the great influence brought by circulation pressure on separation performance, the experiment of 
circulation pulp pressure was carried out under the condition of feeding quantity of 180 g/min. The effects are listed 
in Table 5. 
Table 5. Effect of circulation pressure 
Circulation pressure (MPa) Sample Yield (%) Grade (%) Recovery (%) Reagent system 
0.055 
Concentrate 48.24 66.30 67.96 
NaOH  800 g/t 
starch  900 g/t 
CaO  400 g/t´ 
collector 800 g/t 
 
Tailing 51.76 29.13 32.04 
Feeding 100.00 47.06 100.00 
0.065 
Concentrate 48.08 65.66 66.76 
Tailing 51.92 30.27 33.24 
Feeding 100.00 47.29 100.00 
0.090 
Concentrate 47.44 64.83 65.67 
Tailing 52.56 30.59 34.33 
Feeding 100.00 46.83 100.00 
 
As can be seen from Table 5 that grade of the iron concentrate gradually decreases with increasing circulation 
pressure, whereas the yield and iron grade of rough separation bubble grows as well. Therefore, the value of 
circulation pressure should not be too large, which is approximately 0.055 MPa. 
PKOKOK=qÜÉ=ÉñéÉêáãÉåí=çÑ=ÑÉÉÇáåÖ=èì~åíáíó=
The effect of flotation column feeding quantity on separation index was investigated under the condition of 
circulation pressure of 0.055 MPa. The effect is shown in Table 6. 
Table 6. Effect of throughput 
Feeding quantity (g/min) Sample Yield (%) Grade (%) Recovery (%) Reagent system 
 Concentrate 40.92 67.48 58.54 
NaOH 800g/t 
starch 900g/t 
CaO 400g/t 
collector 800g/t 
 
140 
 
Tailing 59.08 33.10 41.46 
Feeding 100.00 47.17 100.00 
160 
Concentrate 45.66 67.96 65.00 
Tailing 54.34 30.75 35.00 
Feeding 100.00 47.74 100.00 
180 
Concentrate 48.24 66.30 67.96 
Tailing 51.76 29.13 32.04 
Feeding 100.00 46.95 100.00 
 
It is seen from Table 6 that, the iron concentrate with grade range between 67.48% and 67.96% can be obtained 
when feeding quantity range is from 140 g/min to 160 g/min. The grade of iron concentrate declines as feeding 
quantity continuously climbs to 180 g/min. Thus, the suitable feeding quantity is of 160 g/min. 
PKOKPK qÜÉ=ÉñéÉêáãÉåí=çÑ=ÅçääÉÅíçê=Ççë~ÖÉ=
The effect of collector dosage on separation index was tested under the condition of circulation pressure of 0.055 
MPa and the feeding quantity of 160 g/min. The effect is tabulated in Table 7. 
Table 7. Effect of collector amount 
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Collector 
amount (g/t) Sample Yield (%) Grade (%) Recovery (%) Reagent system 
600 
Concentrate 51.90 65.49 71.96 
NaOH 800 g/t 
starch 900 g/t 
CaO 400 g/t 
 
Tailing 48.10 27.53 28.04 
Feeding 100.00 47.23 100.00 
800 
Concentrate 45.66 67.96 65.00 
Tailing 54.34 30.75 35.00 
Feeding 100.00 47.74 100.00 
1000 
Concentrate 41.36 68.12 59.88 
Tailing 58.65 32.18 40.12 
Feeding 100.00 46.34 100.00 
 
As shown in Table 7, with increasing collector dosage, grade of iron concentrate rises drastically, the iron grade 
of rough separation bubble, however, raises too. The proper collector dosage for rough separation is around 800 g/t 
through comprehensive consideration. 
PKOKQK=qÜÉ=ÉñéÉêáãÉåí=çÑ=ëí~êÅÜ=Ççë~ÖÉ=
The effect of starch dosage on separation index, summarized in Table 8, was studied under the condition of 
circulation pressure of 0.055 MPa and the feeding quantity of 160 g/min.  
Table 8. Effect of starch amount 
Starch amount (g/t) Sample Yield (%) Grade (%) Recovery (%) Reagent system 
700 
Concentrate 35.56 67.26 51.10 
NaOH 800 g/t 
CaO 400 g/t 
collector 800 g/t 
 
Tailing 64.44 35.51 48.90 
Feeding 100.00 46.80 100.00 
900 
Concentrate 45.66 67.96 65.00 
Tailing 54.34 30.75 35.00 
Feeding 100.00 47.74 100.00 
1100 
Concentrate 51.54 64.23 71.06 
Tailing 48.46 27.82 28.94 
Feeding 100.00 46.59 100.00 
 
The Table 8 displays that, the iron grade of rough separation bubble obviously falls as the starch dosage increases. 
The iron grade of rough separation bubble goes down to 27.82% and iron concentrate grade decreases to 64.23% 
when the starch dosage drops to 1100 g/t. Hence, the starch dosage approximates to 900 g/t. 
PKPK léÉåJÅáêÅìáí=Ñäçï=ëÜÉÉí=çÑ=Ñäçí~íáçå=Åçäìãå=
As shown in Fig. 3, the “one roughing and one scavenging” open-circuit flow sheet of flotation column was 
launched based on optimal technological parameters and operational conditions determined above, whose result is 
tabulated in Table 9. 
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Table 9. Separation result of the flow sheet with flotation column 
Sample Yield (%) 
Grade (%) Distribution rate (%) 
Individual Accumulation Individual Accumulation 
Concentrate 53.84 67.37 67.37 77.36 77.36 
Middling 9.66 45.48 64.04 9.37 86.73 
Tailing 36.50 17.05 46.89 13.27 100.00 
Feeding 100.00 46.89  100.00  
 
The results demonstrate that iron concentrate with grade of 67.37% and recovery of 77.36% can be accomplished 
with the usage of “one roughing and one scavenging” flow sheet under the optimal conditions, and elementarily 
reflects the advantages of high selectivity and strong recovery capacity. Nevertheless, as a new technology, the 
application of flotation column in hematite flotation area needs to be continuously perfected in practice. 
Note that flotation column closed-circuit experiment is not investigated in laboratory because of limited 
conditions. Furthermore, the flotation column used in this experiment is comparative small; thus, the boundary 
effect exerting negative influence on experimental indices cannot be neglected. 
4. Conclusions 
1) When utilizing laboratorial flotation column system to separate mixing magnetic concentrate of a certain 
hematite concentrator, the appropriate technological and operational parameters are as follows: 0.055 MPa of 
circulation pressure, 160 g/min of feeding quantity, 800 g/t of collector dosage and 900 g/t of starch dosage. 
2) The iron concentrate with grade of 67.37% and recovery of 77.36% can be obtained with the application of 
“one roughing and one scavenging” open-circuit flow sheet under the laboratorial condition, elementarily indicating 
the advantages of high selectivity and strong recovery capacity. 
3) The application of cyclonic-static microbubble flotation column in hematite reverse flotation provides a new 
approach for hematite reverse flotation in China. 
Acknowledgment 
The financial supports for this work provided by the National Key Technology R&D Program in the 11th Five-
year Plan of China (No. 2008BAB31B02) is gratefully acknowledged. 
Fig. 3. Flow sheet of flotation column 
Mixing magnetic concentrate 
Roughing 
I scavenging 
Concentrate 
Tailing 
Middling 
 797L. Lin et al. / Procedia Earth and Planetary Science 1 (2009) 791–798
= 
References 
[1] J.Y. Tian, B.P. Liu and Z.J. Chen, Review of China’s high-efficiency energy-saving technology and equipment for beneficiation of red 
iron ores, Meal Mine. 9 (2005) 4-10.  
[2] J.S. Zhang, Y.F. Yu and X.Y. Mai, Advance in China’s mineral processing technology of ferrous metal mines, Meal Mine. 4 (2000) 8-15. 
[3] W.B. Li, B.P. Liu and Z.J. Chen, Present status and development orientation of China’s red iron ore beneficiation technology research, 
Meal Mine. 3 (2005) 1-6.  
[4] D. Liu, Current development state and prospectof the reverse flotation process used in increasing irongrade and decreasing silicon content 
in iron concentrates, Meal Mine. 2 (2003) 38-42. 
[5] E.C. Daolin, Experimental research on reverse flo-tation by using flotation column, Metallic Ore Dressing Abroad. 38 (2001) 33-36.  
[6] Y.J. Li and Z.T. Yuan, Progress in iron concentrate cleaning technology, Meal Mine. 5 (2005) 8-11. 
[7] H.T. Shen and X.Y. Huang, A review of technical progress in iron ore processing, Mining and Metallurgical Engineering. 25 (2005) 26-30.  
[8] J.T. Liu, Research on cyclone-static microbubble flotation column and clean coal preparation, China University of Mining and 
Technology, Beijing, 1999. 
[9] J.T. Liu, Column separation technology and cyclone-static microbubble column flotation separation, Coal Preparation Technology. 1 
(2000) 42-44. 
[10] J.T. Liu, The mechanism of separation effected in cyclonic force field and enhanced recovering process, Coal Preparation Technology. 4 
(2000) 1-4.  
 
 798 L. Lin et al. / Procedia Earth and Planetary Science 1 (2009) 791–798
